Differential down-regulation of protein kinase C isozymes.
Types I, II, and III protein kinase C have been shown to be products of, respectively, gamma, beta, and alpha genes of this enzyme family (Huang, F. L., Yoshida, Y., Nakabayashi, H., Knopf, J. L., Young, W. S., III, and Huang, K.-P. (1987) Biochem. Biophys. Res. Commun. 149, 946-952). Incubation of the highly purified rat brain protein kinase C isozymes with trypsin (kinase/trypsin (w/w) = 100) under identical conditions results in a preferential degradation of types I and II enzymes, whereas the type III enzyme was relatively resistant to tryptic proteolysis. Degradation of the type III enzyme by trypsin could be facilitated with the addition of Ca2+, phosphatidylserine, and dioleoylglycerol; none of these components alone was effective. Limited proteolysis of the three protein kinase C isozymes generated distinctive fragments for each isozyme, indicating that each isozyme has different trypsin-sensitive sites. Tryptic digestion of the type III protein kinase C was used as a model to determine the effects of various modulators on protein kinase C degradation. While Ca2+ and phosphatidylserine together were sufficient to convert the type III protein kinase C from a trypsin-insensitive to a -sensitive form, addition of dioleoylglycerol greatly reduced the Ca2+ requirement for such a conversion. Among the various phospholipids tested, in the presence of either dioleoylglycerol or phorbol ester, phosphatidylserine, cardiolipin, and phosphatidic acid were the most effective, and phosphatidylcholine and phosphatidylethanolamine were the least effective in supporting the digestion of type III protein kinase. Other acidic phospholipids, such as lysophosphatidylserine and phosphatidylinositol, were also effective in supporting the degradation in the presence of phorbol ester but not in the presence of dioleoylglycerol. The relevance of these proteolytic reactions to physiological responses was assessed with phorbol ester on rat basophilic leukemia RBL-2H3 cells, which contained both types II and III protein kinase C. Immunoblot analysis with the isozyme-specific antibodies revealed that phorbol ester induced a faster degradation of type II than that of type III isozyme in these cells. The results demonstrate that the various protein kinase C isozymes have different susceptibilities to proteolysis in vitro, when tested with trypsin, as well as to endogenous proteases in intact cells.